This study aimed to assess the inhibitory activities of methanol extracts from the microalgae Ankistrodesmus convolutus, Synechococcus elongatus, and Spirulina platensis against Epstein-Barr virus (EBV) in three Burkitt's lymphoma (BL) cell lines, namely Akata, B95-8, and P3HR-1. The antiviral activity was assessed by quantifying the cell-free EBV DNA using real-time polymerase chain reaction (PCR) technique. The methanol extracts from Ankistrodesmus convolutus and Synechococcus elongatus displayed low cytotoxicity and potent effect in reducing cell-free EBV DNA (EC 50 <0.01 µg/ml) with a high therapeutic index (>28 000). After fractionation by column chromatography, the fraction from Synechococcus elongatus (SEF1) reduced the cell-free EBV DNA most effectively (EC 50 =2.9 µg/ml, therapeutic index>69). Upon further fractionation by high performance liquid chromatography (HPLC), the sub-fraction SEF1'a was most active in reducing the cell-free EBV DNA (EC 50 =1.38 µg/ml, therapeutic index>14.5). This study suggests that microalgae could be a potential source of antiviral compounds that can be used against EBV.
Introduction
Epstein-Barr virus (EBV) is a γ-herpes virus that infects 90% of the adult human population and is prevalent among Asians, especially the Chinese (Klein, 1994) . The virus is able to coexist within its host almost asymptomatically. However, EBV infection may lead to the emergence of lymphoproliferative disorders, such as Burkitt's lymphoma (BL) and Hodgkin's lymphoma (HL) and many neoplasms, especially undifferentiated nasopharyngeal carcinoma (NPC) (Rickinson and Kieff, 1996; Rezk and Weiss, 2007) . Infection of B lymphocytes by EBV may also cause infectious mononucleosis and posttransplantation lymphoproliferative disorder (PTLD) (Kurth et al., 2000; Krenauer et al., 2010) .
Both the microalgae and macroalgae (seaweeds) are potential sources of antiviral compounds, with sulfated polysaccharides being the major active principles. For instance, calcium spirulan from the commercial alga Spirulina inhibits replication of viruses such as human cytomegalovirus, herpes simplex virus type 1 (HSV-1), human herpesvirus type 6 (HHV-6), and human immunodeficiency virus type 1 (HIV-1) (Rechter et al., 2006) . The cell wall-sulfated polysaccharide of the red alga Porphyridium prevents the adsorptions of HSV-1, HSV-2, and varicella-zoster virus (VZV) into the host cells (Huleihel et al., 2001) . Carrageenan, a type of sulfated polysaccharide from red seaweeds, is a potent inhibitor of human papillomavirus (HPV) that acts by preventing the binding of HPV virions to cells (Buck et al., 2006) . In addition, the galactofucan sulfate extract from the brown seaweed Undaria pinnatifida is a potent inhibitor of the herpes viruses HSV-1, HSV-2, and human cytomegalovirus (HCMV) (Hemmingson et al., 2006) .
Despite the many studies on antiviral compounds from algae, there have been few reports on such compounds used against EBV. The polysaccharide fractions from Spirulina showed only weak inhibition of EBV in B-lymphocytes (Rechter et al., 2006) . Other studies focused on the anti-tumor promoting activity of EBV. For instance, dichloromethane extracts from the seaweeds Undaria pinnatifida and Laminaria inhibit the activation of EBV induced by tumor-promoters (Ohigashi et al., 1992) .
There are no regulatory agency-approved drugs for the treatment of EBV-related diseases (Gershburg and Pagano, 2005) . Most of the anti-EBV drugs inhibit replication of the virus by targeting the DNA polymerase. There has been increased interest in screening biological sources for bioactivity against EBV. For instance, a compound from licorice root, glycyrrhizic acid, inhibits EBV replication in superinfected Raji cells while acerogenin from Aceraceae inhibits the expression of EBV early antigen induced by 12-O-tetradecanoylphorbol-13-acetate (TPA) in mice (Lin, 2003; Akihisa et al., 2006) . Ethanolic extract and andrographolid from Andrographis paniculata inhibit the expressions of Rta, Zta, and EA-D proteins of EBV in P3HR-1 cells (Lin et al., 2008) .
The objective of the present study was to assess the antiviral activities of methanol extracts and fractions of the extracts from three microalgae from the University of Malaya Algae Culture Collection (UMACC), namely Ankistrodesmus convolutus, Spirulina platensis, and Synechococcus elongatus against EBV in lymphoblastoid cells. The three microalgae were chosen for this study as they were shown to have antineoplastic activity against NPC (Lai et al., 2008) . To date, this is the first study involving the screening of the three microalgae for antiviral activity against EBV. Previous studies focused mainly on the screening of the microalgae for products such as fatty acids and pigments (Chu et al., 1995) . The antiviral activities of the extracts were assessed based on their effects on the reduction of cell-free EBV DNA from the lymphoblastoid cells.
Materials and methods

Culture of microalgae
Three strains of microalgae from the UMACC, namely Spirulina (Arthrospira) platensis UMACC 161, Synechococcus elongatus UMACC 105, and Ankistrodesmus convolutus UMACC 101 were used for this study (Phang and Chu, 1999) . Both Spirulina platensis and Synechococcus elongatus were grown in Kosaric Medium while Ankistrodesmus convolutus UMACC 101 was grown in Bold's Basal Medium (BBM) (Phang and Chu, 1999 
Preparation of extracts from microalgae
The algae from stationary phase cultures were harvested by centrifugation (960×g) and the cell pellets were dried at 37 °C before extraction. The dried biomass (25-30 mg) was mixed with methanol (5 ml) and homogenized using a hand tissue grinder. The mixture was centrifuged (960×g) and the supernatant was transferred to a clean tube before being evaporated using a rotary evaporator (50 °C). The dried extract was dissolved again in a small volume of solvent and transferred into a small vial before use.
Fractionation by column chromatography
The crude extracts were subjected to fractionation by way of silica gel column chromatography. The solid phase consisted of silica gel 60 (Merck, Germany) with a mesh size of 0.063-0.200 mm. Crude extracts of Ankistrodesmus convolutus and Synechococcus elongatus were eluted using a mixture of hexane and acetone with increasing polarity. The following solvent mixtures were used in sequence: 9:1, 8:2, 7:3, 6:4, 5:5, 3:7, and 1:9 (v/v) hexaneacetone, and the last fraction was eluted with 100% methanol. A total volume of 120 ml of each solvent mixture was applied to the column. Each elute was collected at a constant volume of 25 ml and spotted on a thin layer chromatography (TLC) plate and developed using petroleum ether-acetone (65:35, v/v). Elutes which gave similar TLC profiles were pooled as one fraction.
Fractionation by high performance liquid chromatography (HPLC)
After separation by column chromatography, the samples which showed activity were further fractionated by HPLC. The HPLC system consisted of a Perkin Elmer Series 2000 pump, a Gilson FC203B fraction collector, and a Perkin Elmer Series 200 UV/VIS detector set at 238 nm. The samples were first separated using a reversed-phase analytical column (Chromolith ® performance RP-18 encapped, 4.6 mm×100 mm, pore size 2 µm to 13 nm, monolithic; Merck, Germany) equipped with a guard column (Chromolith ® guard 5-4.6 mm cartridge, RP-18;
Merck, Germany). In order to collect the fractions for further test, the samples were separated using a semi-preparative column (Chromolith ® semi-prep RP-18 encapped 100-10 mm monolithic HPLC column, pore size 2 µm to 13 nm; Merck, Germany). The mobile phase consisted of a mixture of acetonitrile:water operated on a gradient basis starting from a ratio of 9:1 to 100% acetonitrile within 30 min at a flow rate of 2 ml/min. The samples were dissolved in the mobile phase (50 mg/L) and 70 µl was injected into the semi-preparative column for each run. Fractions indicated by individual peaks or groups of peaks were collected from each run and fractions from several runs were pooled and concentrated before use.
Lymphoblastoid cell cultures
Three EBV-positive BL cell lines were used, namely Akata, B95-8, and P3HR-1. All cell lines were maintained in Roswell Park Memorial Institute (RPMI) 1640 medium supplemented with 10% (v/v) fetal bovine serum (FBS) and 50 U penicillinstreptomycin, and were grown in a CO 2 -incubator.
Cytotoxicity assay
The cytotoxic effects of the extracts were determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay (Mosmann, 1983) . The cells (50 µl) were seeded into 96-well plates at an initial density ranging from 5×10 5 to 1×10 6 cells/ml.
The microalgal extracts were dissolved in dimethyl sulfoxide (DMSO) and the concentrations tested ranged from 25 to 200 µg/ml. The final concentration of DMSO in the medium was not more than 0.03% (v/v) and did not cause any significant cytotoxic effect. The cultures treated with acyclovir and foscarnet were used for comparison. The negative control consisted of cells without extract but containing DMSO. The concentrations of the column chromatography fractions and HPLC sub-fractions ranging from 12.5 to 100.0 µg/ml and 2.5 to 20.0 µg/ml, respectively, were used for the test. The cells were incubated at 37 °C for 72 h, after which the MTT solution (5 mg/ml) was added and the plates were incubated under 5% CO 2 at 37 °C for 4 h in the absence of light. The excess supernatant was removed from each well and 100 µl of DMSO was added to dissolve the formazan crystals. The optical density (OD) was measured at 570 and 620 nm (reference wavelength). The cell viability (CV) was calculated using the following formula: CV=(OD 570,TS / OD 570,NC )×100%, where OD 570,TS is the OD 570 of treated samples, and OD 570,NC is the OD 570 of the negative control.
The median inhibitory concentration (IC 50 ) was determined by finding the concentration of the test substance that inhibited 50% of the cell growth.
Effects of microalgal extracts on cell-free EBV viral load
The antiviral activities of the microalgal extracts were assessed based on their abilities to reduce the cell-free EBV load released from the lytic BL cells. The BL cells were incubated with the microalgal extracts or drugs (acyclovir and foscarnet), ranging from 0, 0.1, 1.0, 10.0, to 20.0 µg/ml. The concentrations of the extracts used were based on a preliminary range-finding test. The cultures were induced into the lytic cycle at the beginning of the experiment, immediately after adding the extracts or drugs. The lytic cycles of B95-8 and P3HR-1 cells were induced by growing the cultures in the presence of 0.5% (v/v) phorbol 12-myristate-13-acetate (PMA) (20 µg/ml) and 1% (v/v) sodium N-butyrate (0.5 µmol/L) for 24 h. The production of EBV in Akata cells was induced using 0.8% (v/v) rabbit antiserum to whole human IgG (Chang et al., 1999) . The cell-free EBV DNA was then quantified using real-time quantitative polymerase chain reaction (PCR) after 72 h incubation and the amounts were compared with the control.
The chemically induced cells were pelleted by centrifugation (300×g, 5 min) and the supernatant was kept for DNA extraction after filtering through a 0.2 µm membrane filter. The DNA was extracted using QIAmp DNA blood mini kit (Qiagen, Germany) according to the manufacturer's protocols. The DNA obtained was subjected to real-time PCR amplification based on fluorogenic PCR reactions set up in a reaction volume of 25 µl. The reaction mixture contained 12.5 µl of 2× TaqMan ® universal PCR master mix, 2.5 µl of 10× primer and probe mixture made up of 3 µmol/L of each amplification primer and 0.25 µmol/L of the EBV probes, and 7.5 µl of ultrapure water. The DNA (2.5 µl) was amplified in a 96-well reaction plate format in a Bio-Rad iCycler. Each sample was analyzed in duplicate. Multiple negative water blanks were included in every analysis. The real-time PCR system was developed for EBV DNA detection toward the BamH1-W region. The BamH1-W system consisted of the amplification primers W-44F (5′-CCC AAC ACT CCA CCA CAC C-3′) and W-119R (5′-TCT TAG GAG CTG TCC GAG GG-3′), and the dual labeled fluorescent probe et al., 1999) . A standard curve was run in parallel using DNA extracted from the EBV-positive cell line Namalwa (American Type Culture Collection CRL-1432). The concentrations of cell-free EBV DNA were expressed as copies of EBV genome per ml of supernatant. Amplification data were collected by the iCycler iQ™ real-time PCR detection system and analyzed using the software provided. The mean quantity of each duplicate was used for further calculation. The concentration of EBV DNA in the supernatant was calculated using the following equation: C=
where C (copies/ml) represents the concentration of EBV genome in the supernatant, Q (copies) represents the target quantity determined by a sequence detector of the PCR system, V DNA represents the total volume of DNA obtained after extraction (typically 200 µl/Qiagen extraction), V PCR represents the volume of DNA solution used for PCR (typically 2.5 µl), and V ext represents the volume of sample extracted (typically 300 µl). The amounts of DNA of the treated samples were compared with the control and expressed on a percentage basis.
Statistical analysis
Data were presented as mean with standard deviation (SD) derived from duplicate samples of two independent experiments. The data were analyzed using one-way analysis of variance (ANOVA) followed by Duncan's multiple range test using Statistica software (Version 5). A P value of <0.05 was regarded as statistically significant.
Results
Yields of microalgal biomass, extracts, and fractions
Of the three microalgae, the highest biomass was obtained from Spirulina platensis (1.87 g dry weight (DW)/L) followed by Synechococcus elongatus (1.04 g DW/L) and Ankistrodesmus convolutus (1.01 g DW/L). The yields of crude methanol extracts from Ankistrodesmus convolutus (178 mg/g DW) and Synechococcus elongatus (178 mg/g DW) were similar and much higher than that from Spirulina platensis (87 mg/g DW). Bioassay-guided fractionation was performed on the methanol extracts of Ankistrodesmus convolutus and Synechococcus elongatus. A total of seven fractions were separated using silica gel column chromatography with yields ranging from 7.2 to 68.3 and 1.3 to 51.5 mg/g crude extracts of Ankistrodesmus convolutus and Synechococcus elongatus, respectively (Table 1 ). The fractions which showed bioactivity were separated using HPLC for further test. A total of 20 sub-fractions with yields ranging from 10 to 171 µg/mg dry fraction were obtained from Ankistrodesmus convolutus (Table 2). Another 10 sub-fractions were obtained from Synechococcus elongatus, with yields ranging from 21 to 325 µg/mg dry fraction.
Effects of microalgal extracts on cell-free EBV load from lymphoblastoid cells
The effects of the microalgal extracts in reducing cell-free EBV load were assessed by determining the quantity of the EBV DNA in the supernatant using real-time PCR (Fig. 1) . Akata cells produced the highest number of cell-free EBV DNA (6.7×10 9 -8.2×10 9 copies/ml) (Fig. 1a) . In general, the microalgal extracts reduced the amount of cell-free EBV DNA significantly (P<0.05) compared to the control. The percentage reduction of EBV DNA was compared to the negative control and the half maximal effective concentration (EC 50 ) was determined. The antiviral effect of the crude methanol extracts varied with the cell lines tested (Fig. 2, Table 3 ). In Akata cells, only methanol extracts from Ankistrodesmus convolutus significantly reduced the percentage of cell-free EBV DNA compared to the control (Fig. 2a) . In comparison, the percentage of cell-free EBV DNA decreased markedly in B95-8 and P3HR-1 cells incubated with the extracts from the three microalgae (Figs. 2b and 2c) .
The extracts and drugs did not show a strong cytotoxic effect against the three cell lines, as indicated by the high IC 50 values (Table 3 ). In general, the methanol extract from Spirulina platensis was less effective than the extracts from Ankistrodesmus convolutus and Synechococcus elongatus in reducing the cell-free EBV DNA load in Akata and P3HR-1 cells. Therefore, the extracts from the two microalgae, but not Spirulina platensis, were subjected to further fractionation. Methanol extracts from Ankistrodesmus convolutus and Synechococcus elongatus were most 
Fig. 1 Cell-free EBV DNA load in the media of Akata (a), B95-8 (b), and P3HR-1 (c) cells treated with methanol extracts from microalgae or antiviral drugs
The Burkitt's lymphoma (BL) cells were chemically induced into the lytic cycle before being exposed to the microalgal extracts or antiviral drugs for 72 h. DNA was extracted from the culture medium and BamH1-W LP fragment region of the EBV genome was quantified using real-time quantitative PCR. The data are shown as mean±SD of two independent experiments performed in duplicate. * P<0.05, significant difference from the control In general, the column chromatography fractions were more cytotoxic than the crude extracts (Table 4) . Of the fractions, ACF2 showed the highest activity (EC 50 =4.2 µg/ml) in reducing the cell-free EBV DNA from Akata cells, yet it showed high cytotoxicity, giving a low therapeutic index. In comparison, ACF3 showed low EC 50 but high IC 50 against Akata cells, giving a high therapeutic index. Of the fractions from Synechococcus elongatus, SEF3 showed low EC 50 values (3.2-9.6 μg/ml) against the three cell lines.
Of the fractions tested against B95-8 cells, ACF6 showed the highest therapeutic index (>46) while ACF1 showed the lowest EC 50 (3.1 µg/ml) in reducing the cell-free EBV load. On the other hand, SEF1 showed the highest inhibitory activity against EBV (EC 50 =2.9 µg/ml) in P3HR-1 cells and gave the highest therapeutic index (>69). Therapeutic index could not be determined for most of the fractions as IC 50 and EC 50 were much higher than the range of concentrations tested (>200 µg/ml and >20 µg/ml, respectively). Such fractions were not cytotoxic and did not show antiviral activity within the range of concentrations tested. 
Ankistrodesmus convolutus Synechococcus elongatus Spirulina platensis Acyclovir Foscarnet
The column chromatography fractions (ACF1, ACF2, ACF3, SEF1, and SEF3) which showed bioactivity were separated using HPLC for further test (Tables 1 and 2 ). Only sub-fractions from ACF2 but not ACF3 were effective in reducing the cell-free viral DNA in Akata cells (Table 5 ) and of these sub-fractions, ACF2'd was most active (EC 50 = 1.6 µg/ml). In general, the HPLC sub-fractions were more cytotoxic against B95-8 than against other cell lines as indicated by the low IC 50 values. Tables 2 and 3 The sub-fractions from Synechococcus elongatus were not effective in reducing the cell-free EBV DNA in B95-8. However, most sub-fractions of this microalga (SEF1'a, SEF1'c, SEF1 'd, SEF3'a, and SEF3'c) were effective in reducing the cell-free EBV DNA load in P3HR-1 cells. Of these, SEF1'a exhibited the strongest antiviral activity (EC 50 =1.4 µg/ml). All the sub-fractions from Synechococcus elongatus were not cytotoxic against P3HR-1 cells (IC 50 >20 µg/ml).
Discussion
In general, the results show that the antiviral activities of the extracts displayed high therapeutic index. This suggests that the extracts may act through different mechanisms rather than merely killing the cells or making them unhealthy. The antiviral activity varied with the BL cell lines tested. For instance, methanol extract from Synechococcus elongatus showed high antiviral activity (EC 50 <0.5 µg/ml) against B95-8 and P3HR-1 cell lines but not against Akata cells (EC 50 >20 µg/ml). Such variation could be due to the different origins and characteristics of the cell lines causing the EBV genome to be incorporated differently into the host cells. Akata cells originate from an EBV-positive BL of a Japanese patient with a unique productive cycle of the EBV genome (Takada et al., 1995) . Akata cells are known to produce higher amounts of EBV than B95-8 and P3HR-1 cells. The high productivity of EBV virions by Akata cells may reduce the effectiveness of the microalgal extracts in inhibiting the release of the virus.
In general, the crude extracts were more effective in reducing the EBV DNA when compared to acyclovir and foscarnet. The EC 50 obtained with foscarnet in P3HR-1 (0.79 μg/ml) and B95-8 cells (0.90 μg/ml) were much lower than the values reported by Ballout et al. (2007) , which were 13.6 and 46.8 μg/ml, respectively. However, in the present study, the real-time PCR amplification was targeted at the BamH1-W gene while the study by Ballout et al. (2007) was based on the BXLF1 gene.
Of the column chromatography fractions, ACF1 and ACF2 from Ankistrodesmus convolutus showed the highest antiviral activities against EBV in B95-8 and Akata cells, respectively. On the other hand, SEF1 from Synechococcus elongatus inhibited the release of EBV from P3HR-1 cells most effectively.
However, the antiviral activity of the column chromatography fractions was less potent than the crude extracts. Furthermore, the microalgal fractions showed higher cytotoxicity (lowest IC 50 =22 µg/ml) than the crude extracts (lowest IC 50 =78 µg/ml). Further fractionation by HPLC did not significantly improve the bioactivity. In fact, the fraction SEF3 lost its bioactivity after further fractionation by HPLC. Such a trend is commonly observed in the screening of biological resources for bioactive compounds. For instance, the crude acetone extract of Caulerpa racemosa showed bioactivity against the human melanoma cancer cell line but the isolated compound caulerpin lost such activity (Rocha et al., 2007) . The synergistic effect of a mixture of components found in crude extracts might have been lost upon fractionation.
The inhibitory action of an antiviral compound can target at different stages of the life cycle of a virus. For instance, it may affect the infection stage by interfering with the adsorption of the virus to host cells. Sulfated polysaccharides from Porphyridium cruentum exerted their antiviral activities against HSV-1 and HSV-2 at this step by inhibiting the attachment of the virion to the host cell surface (Huleihel et al., 2001) . A possible target action of an antiviral compound against EBV is by inhibiting the lytic cycle, which will prevent the virus from producing mature viral particles. For instance, andrographolide from a medicinal plant inhibits the transcriptions of BRLF1 and BZLF1, two immediate early genes involved in the lytic cycle of EBV (Lin et al., 2008) .
The focus of the present study was not on the inhibition of viral attachment or incorporation of viral genome into host cell DNA. Instead, the microalgal extracts reduced the cell-free EBV DNA, indicating that the lytic cycle or the release of the virions (secretory phase) could be inhibited. This antiviral approach is different from other therapeutic strategies for EBV-positive neoplasms, and aims to induce a switch from latent to lytic cycle to cause cytolysis of the infected cells (Daibata et al., 2005) . However, the role of lytic cycle in EBV-associated diseases is still under debate (Gershburg and Pagano, 2005) . The inhibition of the lytic cycle could be beneficial from another point of view. For instance, drugs such as ganciclovir and cidofovir which inhibit EBV DNA replication and lytic infection have been shown to be effective in treating oral hairy leukoplakia in immunosuppressed individuals (Walling et al., 2003) . The inhibition of the lytic cycle may restrict the spread of EBV from latently-infected cells and prevent the tumor-promoting effect on the neighbouring healthy cells. The virions of EBV, which are produced by B lymphocytes, are known to exhibit tropism by which they preferentially infect epithelial cells, which may promote oncogenesis of such cells (Schwarzmann et al., 1998; Feng et al., 2000) . Recurrent EBV reactivation may also result in the accumulation of genome instability and promote tumor progression of NPC (Fang et al., 2009) . It has been reported that induction of the EBV lytic phase during malaria infection may increase BL development in a malaria-endemic area (Chêne et al., 2007) . Thus, inhibition of the lytic cycle of EBV could be a useful strategy to aid in the reduction of the risk of such diseases. A similar study focusing on the potential of andrographolide as an anti-EBV drug based on its inhibition of the lytic cycle of EBV was reported by Lin et al. (2008) . However, that study was based on the inhibitions of the lytic genes encoding Rta, Zta, and EA-D rather than assessing the amounts of cell-free EBV DNA.
There are several possible mechanisms by which the microalgal extracts inhibit the lytic cycle or release of the virus. The microalgal extracts could inhibit the egression of EBV virions by interfering with the destruction of the microtubules and microfilaments induced by the virus. However, ongoing studies based on an immunofluorescence technique showed that the extracts did not affect the cytoskeleton of the host cells (data not shown). Thus, inhibition of the EBV release could be modulated through the effect on the expressions of EBV genes involved in the lytic cycle such as BZLF1 and BRLF1 (Lin, 2003) . The extracts may also interfere with the signaling pathways in the lytic cycle involving p38 and c-Jun terminal kinases (Adamson et al., 2000) .
The active principles of the microalgal extracts were likely to be pigment components as colored compounds were observed when the fractions were separated with TLC. The absorption spectral data further indicate that the compounds absorbed light within the visible light range. Liquid chromatographymass spectrophotometry (LC-MS) analysis showed that the active fractions SEF1 and ACF2 contained several compounds with absorption maxima ranging from 300 to 660 nm. Further studies to elucidate the structure of the active principles are in progress.
Conclusions
The present study demonstrated that the methanol extracts from Ankistrodesmus convolutus, Synechococcus elongatus, and Spirulina platensis inhibited the release of EBV from BL cells. The bioactivities against EBV of the extracts from Ankistrodesmus convolutus and Synechococcus elongatus increased after fractionation by column chromatography but the fractions were more cytotoxic against the host cells than the crude extracts. However, further fractionation by HPLC did not cause a significant increase in bioactivity. The results showed that the microalgae could be a potential source of antiviral compounds against EBV.
